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The gene encoding a mannosyitransferase was isolated from Pichta pastoris strain GTS 115 using the probes developed from 
OCH1 gene (for ct-1 ,6-mannosyltransferase) of Saccharomyces cerevisiae. The amino acid sequence of the novel 
mannosyitransferase exhibits approx. 40% similarity of that of OCH1 gene. By modifying the enzyme activity, e.g., to lower 
giycosylation, Pichia may be used to prep, mammalian glycoproteins with desirable giycosylation level Pfasmid pKM74 contg. the 
mannosyitransferase gene inserted with an expression cassette consisting of HIS4 gene (marker) and the gene for sol. ct-cbain of 
IgE receptor (sFcsRIct) was prepd, and introduced into P. pastoris strain GTS 1 15 to obtain a mutant strain KM74-2 with 
mannosyitransferase deficiency. The sFceRIa purified from the culture supernatant of mutant KM74-2 showed lower level of 
giycosylation. 
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ATGGCGAAGG CAGATGGCAG TTTGCTCTAC TATAATCCTE ACAATCCACC CACAACCTAT 
TACTTCTAGA TGGCTATATT CGCCGTTTCT GTCATITGCG TTTTCTACCC ACCCTCACAA 
CAATTATCAT CTCCAAAAAT ACACTATCAT CCATOACCC TCCGATCACT TGATTTCAAG 
ACTTTGGAAC CTCCTTCACA GTTCAGTCCA GGCACCGTAG AAGATAATC7 TCGAAGACAA 
TTCGAGTTTC ATTTTCCTTA CCGCAGTTAC GAACCTnTC CCCAACATAT TTGGCAAACG 
TGGAAAGTTT CTCCCTCTCA TAGTICCTTT CCGAAAAACT TCAAAGACTT ACCTGAAAGT 
TGGCTGCAAA CGTCCCCAAA TTATGATCAT TTfGTGATAC CCGATGATCC AGCATGCGAA 
CTTATTCACC ATGAATACGA ACGTGTACCA GAAGTCTTGG MGCTTTCCA CCTGCTACCA 
GAGCCCATTC TAAAGGCCGA TTTnTCAGC TATTTGATTC nTrTGCCCG TGGAGCACTG 
TATGCTGACA TGGACACTAT CTTATTAAAA CCAATAGAAT CGTGGCTGAC TTTCAATGAA 
ACTATTGGTG GAGTAAAAAA CAATGCTGGG TFGGTCATTO GTATTGAGGC T6ATCCIGAT 
AGACCTGATT CGCACCACTG GTATCCTAGA AGGATACAAT TTTGCCAATG GCCAATTCAG 
TCCAAACCAG GACACCCAGC ACTGCGTGAA CTGATTGTAA GAGTTGTCAG CACGACTTTA 
CGGAAAGAGA AMGCGCTTA CTTGAACATG GTGCAAGCM AGGATCCTGG AAGTGATGTG 
ATGCACTGCA CGCGTCCA6G AATATTTACA GACACTCTAT TTCATTATAT GACTMTCTC 
AATACAACAC GCCACTCAGG CCAAGGAATT GGAGCTGGCT CAGCGTATTA CMTGCCTTA 
TCGTTGGAAG AACGTGATGC CCTCTCTGCC CGCCCGAACG GAGAGATGTT AAAAGAGAAA 
GTCCCAGGTA AATATGCACA CCAGCTTGTT TTATGGGAAC AATTTACCAA CCTGCGCTCC 
CCCAAATTAA TCCACGATAT 7CTTATTCTT CCGATCACCA GCTTCAGTCC AGGGATTGGC 
CACAGTGGAG CTGGAGATTT GAACCATCAC CTTGCATATA TFAGGCATAC ATTOAACCA 
AGTTGGMGG AC fSCffi 1 
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ATGGCGAAGG CAGATCGCAS TTTGCTCTAC TATAATCCTC ACAATCCACC CACAAGGTAT 
TACTTCTACA TGGCTATATT CCCCCTTOT GTCATTTCCG TTTTGTACGC ACCCTCACAA 
CAATTATCAT CTCCAAAAAT ACACTATGAT CCATTCACGC TCCGATCACT TGATTTGAAG 
ACTTTGCAAG CTCCTOACA CTTGAGTCCA GGCACCGTAG AAGATAATCT TCGAAGACAA 
TFGCAGTTrC ATTTTCCTTA CCGCA5TTAC GMCCTTTTC CCCAACATAT TTGGCAAACG 
TGGAAAGTrr CTCCCTCTGA TAGTTCCTTT CCCAAAAACT TCAAAGACTT AGGTGAAAGT 
TCGCTGCAAA GGTCCCCAAA TTATCATCAT TTTGTGATAC CCGATGATGC ACCATCCGAA 
CITATTCACC ATGAATACCA ACGTGTACCA GXAGTCnGG AAGCTITCCA CCTGCTACCA 
GAGCCCATTC 1AAACGCCGA TITfTtC ACG TATTTGATTC TTTTTGCCCG TGGAGGACTC 
TATGCTGACA T66ACACTAT GTTATTAAAA CCAATAGAAT CGTGCCTGAC TTTCAATGAA 
ACTATTGCTG CAGTAAAAAA CAATCCTCGC TTCGTCATTC GTATTCAGGC TGATCCTCAT 
AGACCTGATT GGCACGACTG GTATGCTASA AGCATACAAT TTFGCCAATG GGCAATTCAG 
TCCAAACGAG GACACCCACC ACTGCGTGAA CTGATTGTAA CACTTCTCAG CACGACTTTA 
CGCAAAGAGA AAAGCGGTTA CTTGAACATC GTCGAAGCAA AGGATCGIGG AAGTGATGTG 
ATGGACTCCA CGGGTCCAGG AATATTTACA GACACTCTAT TTCATTATAT CACTAAT6TC 
AATACAACAG GCCACTCAGG CCAAGCAATT CGACCTGGCT tAOCCTATTA CAATGCOTA 
TCGTTGGAAG AACGTCATCC CCTCTCIGCC CGCCCGAACG GAGAGATGIT AAAAGAOAAA 
GTCCCAGGTA AATATGCACA CCAGGTTGTT TTATGGGAAC AATTTACCAA CCTGCGCTCC 
CCCAAA7TAA TCGACGATAT TCTTATKTT CCGATCACCA CCTTCAGTCC AGGGATTGGC 
CACAGTGCAG CTGOAGATTT GAACCATCAC CTTGCATATA TTAGGCATAC AT7TGAAGGA 
AGTFGGAAGG AC (sCIff] 
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(sFceRIa, ^^6^1 6 97 7 6#<grl8) , 
■iV9-yx.nVa (#H0S6 1-185 189#& 
m „ ?o^-~ if (#11836 0-1 80 5 9 1^ 
$S) . ^f-7~tf CCaughey.G.H., etal., J.Biol. Chen. 
266, 12956(1991) ] . WfeYVTifV* >t t'?- 
CKaumeyer, J.F. , et al. , Nucleic Acids Res. 14,78 
39(1986) ) , I GF&£»£jff (IGF1BP3.W 

- 5 0 5 3 9 7#&$g) *^}W*ss#t&. 
[0030] ( 4 ) m&v*T®mm 

%m<¥&viiAzm-&z-bizm'3^z. ?mmv*T 

wws-c**. 95«««HM**DNA«offcb 


> ^¥9-26 1 


*) t,z±w>mmmmmm:T> n a * ^rts **Tj»a 

[0031] £co«t a **attt:*TMWft*(i. 
*sste j: r> watt* £ t *»-e* %> . 
r^©* (ommmmmkn n aoi^ s fcwgoifc 

r jgp^^ifc l t mmmkw&tfvm s fit & 5 

jm&*n?mg!BsmmkDiiA<mtosz£ &m$w 
&L<mm>ti&> mmmmmkDx An&mtzx 

jmmmmM&D n A^t*aEfi«ctjv mnmx-r & 

D N AfrtfffiffHffEHa&A&fcJ: o^A-r h Z. b IZ£ 

» n A^a# mhh zbiz x offi^a p 
v -itfE^F d n A^wmm^miv n a 

fffr^WA Lfcil^RD N Agffr Srfm-TS £ b X'fo 
HtfWKSStCiHKr^-i 6 D N A<0WSSWffi-C<0«PSIW 

[0032] ^ffle^-rJMWfejwnan-*-**^ 
&m®0>5f&*m^zzbif i X'%&, mm. mmmm 

W&b UXli. X7inT5XhM CCreggh et al., 
Hoi. Cell. Biol., 5,3376 (1985) . 3fc!»fflF!g4,8?9,23 
1 #D . 1£HtV?-*?J*m Clto et al., Agric.Bioi.Che 
m. ,48,341 (1984), EC#)#|^ai^m312,934 
1^^4,929,535 #D *Wfli&*l*. 

[0033] 3Mna«(cffl^fe*t.6^aBHe*r«»* 

J: < f # ^ 7 J -)l$&mWm ( methylotrophi 

c) 1NFC*4. ^w^^y-^-fkispei: 

{4 % A^tCtiS^^^ttP.pastoris GT5115S 
(NRRL Y-l 5 85 1 ) . P.pastoris GS 1 9 
0tt(NRRL Y- 1 80 1 4 ), P.pastoris PP 
F1«(NRRL Y-180 1 7) . ©^aP.pastor 
is¥N(NRRL Y- 1 1430, NRRL Y-ll 

43 1) wm*%tL&. 

[0034] $^te^*t<ii» ^Sr<tt— o 

{fHIS4it^P.pastoris GS115tt(ATCC2 

0 8 64) , ARG4^^>.pastoris GS190IS. 
H I S4/URA3A5*cP.pastoris GS4-2*f, H 

1 S4/URA4^P.pastoris PPF1«(NRR 
L Y-18017: KWl¥mm, 812,405 ^-#8^) m 


8 
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fW-9-2 6 1 


BMmA-t&DViAbLX . «ii«M:3«teUTV^» 

imm^-^j-m&f-^-th i><n*m^z> z t im 

[ 0 0 3 5 J SI«b^7Wiil § ^>fc^M*S 

a minx. YPDim < lx-f-^m^b?? 

Tilt* TJWft^WKH****.*^ t fr****- 
[0036] i^^LKMlL «bK; 

»§£«-t&ss«s«i: urn, «a**^±fc«« 

AflfKHT- (EGFK JiEJlJlvHE^fflH^ (GB 
F) „ IGFie^Sef3 (IGF1BP3) , TX3 

[0037] «SS**&<9^fc*ffi*»S!*tt» a 

*«#^*Dflw*£fc** , r'&*. wjttfs -bast. 
■Hav-a-ae* 1 1 1, izmm&m a- F-r& d n 

IfiWfc:. 1fflSMWWMW^DNA^»«fc3rai*U66 
♦WSD N A4J iVIMie«fr 3- H-TS D N AT'P1B*{C 
[0038] ttidilHiafWSBiSROWTKiMHi. 

©jmswcufsa^rtiaawfta-H-j-iDNARvf 


tfJDNAti. J3fSW)«flia«ft=»-HT*DNAi6«RN 

[0039] rDt-f-i: LTfi, P. pastoriscOA O 

■^Brf-^ytz^nTU^— ? — ) . P.pastorisOAOX 

Hf&fxT^Jtibwro^— *>— ) . P.pastoris^DAS 

^CDtysbcryTtt^:—? —) , P.pastoris<0P4 07°n ; & 
(P4 0lfi¥©te«)«ra*-Jf-) . P.past 
orisCDT^b H ^b Knyt- ^Wt<T>t&mT 
Dt- ^-tfeliP.pastorisC^^Trb Kn^f— tfil 

fcL P.pastoristOAOXl^o^— ^— (Ellis et a 
1., Mol. Cell. Biol.. 5, 111 (1985). *ffl!(fiF^4.855,23 

i t&k>. xm^L<it. stmmmt-r 

& J: 3 tefl£l*$itfcgES@BA 0X2 7*0^-5- (Ohi, 
Het al., Mol. Gen. Genet., 243, 489-499, 1994^. ft 
B5¥4--2 9 9 984#&?8) TftS. 
[0 040] *t*. ^KfWCWawBBfBWfra-I*-?]- 
SDN AatttC^^^/t/SPJ £3-F-f£DNA£ 
*l/CWCJiO. *»3tP*DNAt*r«««tilflErSl« 

**. Aii^^iMBWta-KLTV^DNAfcL-C 

HfSDNA, /^ifa-f^@? («MF) 
*KH*3— KL/OvBDNA (ra-fe-y^y^glieS: 
3-KUTV^DNAKW^ftfv Lys-Arg) . 

^ x y r*~ a c i/y-rivwme) -*jwt 

ttB^ffflJltiafi&rS ^t-/HBWft 3- HTS D N A 
(00411 Biiifi«6^^-S^-^-{i. 7"ot-?- 
y h $r^Tt -& Wsbftif J: < , 7" ? -JS^jgfK 

[0042] ^mtizm^htizmimi* ±m<oD n 

t<fc^ JIlvt^nftWKT-^Htfi?^ tTti, H I 
S4, ARG4, URA3, KySEfSUC2, G4 1 

[0043] 3fM<0«^^@lfE^§fLfc®gf|ibdrr 

tihmmi£ttmsmM&:< . 5i^^?^« (ypd 

tttt. YFMiglS) ?»f^4, l^aiia^iS. b^ 
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m.<oMM& zimncomm&M<Dm±izw vrz p h * m 

[00443 

t rnmmmt x*mttz e r rM^t a- 1 1 < « 

^HB(Cj:*U3f, /1W»JtOJMI)l 

[0045] 

^77XS h', MffiBBHKOff*. T4DNAl»Xr— 

K «fc 0 i fc flTC* S t OT* & . 
[0046] SEtkM 

mm 

(Saccharoayces cerevisiae) fefclffgfifrR® 

fg^ocHi^pcRS-eititiaLTTo-yfc^rt. e 

A£8S!iLfc. 

[0047] (1 ) PCRftCiSAVSftWOCHl 

CThe EMBO Journal vol.11 no. 7 P2511-2 
519 (1992): P2513, Fig. 23 £MSi&)DNAK7!fr£ 

tc ^(om&fflmimnm^DNAizttffimcmmz 

Hindi I imm$&t:tt J f-LtC.N%ii%y r; 5<< V- : 
5' -CGAAGCTTATGTCTAGGAAGTT 
GTCCCACCTG-3' „ RX/C^mT^^i V- : 
5' — CGAAGCTTATTTATGACCTGC A 
TTTTTATC AG— 3 ' ( PCRJf<ifflr^>f V 


-> £DNA-&j£$!S (AB IttSL «f/l'3 9 2DN 
A/RNA^>"fe^-r-) &ffl^-Cfk^-^tJt. S 
fltS (Sherman, F., Fink,G.R. 

and Hicks, J.B. (1986) Laboratory course manual f 
or methods in yeast genetics. Cold Spring Harbor L 
aboratory, Cold Spring Harbor, New York)W>lS-?Tflll 
©Ls^ygm AH22I* (a, len2, his4, canl) (Hinn 
en, A. et al<1978) Proc. Natl. SciUSA 75, p. 1929 

) &mm&DKA*&gLkLX. PCRRfB(94 
1CT14HSL 50*CT2^. 7 2*CT-2#fgJ/2 5-9- 
■4?)V) CDNA Thermal Cycler Hodel PJ20G0 . Perkin 
-ElmerttJ £fiH>£. m^StltzDNAmmz^XiXY 
#a-xYMBmmVl&6&* ?fU±X'Wm%$i-^ 
VKaWMtSiufc. WiSftfcDNAKmiRg 
tfc7'?>fe--36»4^aS<l***§ (1458 bp) 

[0048] (2)^>1»A*OCHlIfifW 

(1) ^»fen3fePCR«flWffrtHi ndlll « 

PUC 1 9«H i ndlll Spefc-TP'? 
Lie. im£h*l77X~i F (PKM049, ^3) * 
( B amH I , EcoRI, K P n 

i ) «u -e^w^^-^tiftft^ft-cv^oc 

H 1 mir?-<0$f8iUi& CEMB0 J. 11, 7 P2511-2519 (19 
92): P2512, Fig.l JBtff P2513, Fig.2 3 fcJtSSUSi: 

[0049] (3) OCHlit^Srra—^^-rsf 

* TJm®<?>imftMiK=F<D^ ytM 

WrTJWft (Pichia pastoris GTS 1 1 5t*) £Y 
PDlgift(l% -^-^NXdrXh^^h. 2% 
y, 2% ffrx—x) T. 3 0°C. 3BIW68U Sher 
man £><7>2F$£ (Sherman, F. , Fink,G.R. and Hicks, J. 
B. (1986) Laboratory course manual for methods in 
yeast genetics, Cold Spring Harbor Laboratory, Col 
d Spring Harbor, New YorkHc|£o-OfefeflsDN AiM 

ssiw:, n h dna$«« %Bummms 

Z-f-jvy^yyuy (Hybond-N, IZ 
h^yxyr-Ltz. ( 1 ) T» ^ix^^^^St^O 
CHliHg^Hi ndlll r D I G-EL ISA 

mm* -x h j (^-u ytf--?yjM M±m > &fflv^-c 

^— ^g^grtrV* (Sambrook, J., Fritsh, e.f. and M 
aniatis, T. (1989) Molecular cloning: A laboratory 
manual. Cold Spring Harbor Laboratory, Cold Sprin 
g Harbor, NewYork) v /Sym&fk&OCH 1 Mittk 

[0050] Kygf^OCH 1 msFf-k TEP 
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45^) RXfimm'r mmS.: 0. 2-0. 5XSS 
C, &K:g&~42*C) kroiv-t^^trt:. ^ 

xssc, ^s, 3o#, 2mmm. s^ico. 5x 

SSC, 42X;, 30#, 2®oWb*:*^M:. EcoRI 
t£>5kb ^Bfli&&^>F#«3f?t?*t*:. >W 

[0051] (4) Agtl05'f/5U-»M 

ff)E c o R I Bt>t- (#>5 k b ) ft? u-~y?t:ft-? 
fc. &-f„ i&l SOxigSOP.pastoris GTS1 1 5«c 
i^ftDNA (NRRL3?f£#^Y~l 58 5 1 ) 
£200 ^#&«DE c o R I T-^Mffc Lfc^, 0 . 

s%nTm-*¥)vmfmmizk 0*^4 . 5~& k b 

ODNASr^mRUc BiiXtJtDNAiO-^Srlju 
gOA gtlOarra ( r laisbda gtlO vector digeste 
d with EcoRI and dephosphorylated j „ XY^Vl/— 
bVy-issyL. Gigapackl I Gold Packag 
ing Extract (X YvW-y^M) Zm^X^vtr- 

[0052] (5) ^-^vf^yy-fHf-xsr^" 

(4 > x-imLKm&^T-vyj v-zwm® 

(Hybond-N. T^^^lM) iZ h5>-X7 y-Ufc. 

m : ^3ooor5-^) . mzcr>jiy$mm&ocH 1® 

[0 0 5 3] (6) ADNAOttSS 

1 0T5— ^Sr^tX, single plaque isolation *Df|U 
Sephaglas « PhagePrep Kit (7 r v-TltSg) 
^TADNA?:iiii, fBSL*:. l|«Lfc*DNA*» 
aoMKW* (EcoRI, Bglll, HindHI, 
Xho I ) cOM-ft^'^-V^T^a-X^^^SiCf 

SOjfADNA (i®5kb) £%LTvv6C: b&frfr-? 
Jfc. 

[00 541 ( 7 ) t/?n-z>/ 
*03^m?Q— Vfc:-?vvc, *?A£*t*:Ec oRI 

sif^puc i 9<decor i&mz-yy?™——^? 

VX. P KM50 (QU ) ^ft^iLfc. 


[0055] (8) pKMSO^ffAS^DNABS^- 
pKM50 fc&KZtlX I M» fcfdr rKBMJ:*#OE c o 
D-»y^ t^^6«!D N AStffrcoWitSS^filiaSrfm 

u z^z^<^bwMmem*m^x£*)WMiz-<w : 
-ymmvtcm^ mskb cdb g 1 uwxwz^ym 
tocHi sfs^ t <r>m mnm l tF(£i~ & s b&fpzn 

s£. -S-^T, itf^2. 5kb«Bg 1 II»Ut<?>DNA 
«*KH*ifc£U:. ifABSfrSM^fW 
RHBaSfrffl^TfWMRfrtcUTp UC 1 9izy-7?v~- 
~>?L. ZilkODNAi&mUffl&Ml 3— 40r5 
-f V— &J:t£ Reverse primer (7 r^^T* LKBA-f 
■f-?/a : J—) fcffl^T, DNAs/-?xyf- (A. 
L. F, DNAy-^xyt- 7 7/U7^7LKBK 

[0056] p KM 5 0 tlf *.%tltz'*y&-&OC H 1 
«e^f:ffiBtt*35^««t*trJMfrWfr CBg l ii 
-Sal I mff (®3 . Okb) J comSK^Sr^t 
tzbZZ. 4 0 47 > SyS&5^=5r§ Open Reading Fram 
e (ORF) (^4. MtKffiOS) A^ftLTv^. Bg 1 II 

-sail B&&x'<r>mmm ( 2 s 5 s b P ) atrtu* 

en Reading Frame W&TS /SlfcaiRt^Ba^^ia 

5««lK?iJ#^ifc^nr, *»j&»4«Wte«r^t5 

^y^^^#an^tS^|ge^fi[ (As n-Xa 
a~Ser/Thr) **2 ^WftftUTV^. 
[ 0 0 5 7 1 &V VC\ tf^rSPS*^±IEO R FfR 

5 j immb > *y&®#m o c h 1 mzrfm&<7> 

?y;WTS.sWmmbt:imii-z. ±E 
trifcft Lfc^^rJ^#**<OE c o R I MX (#?5 k 
b) {C£oT3-K£ft&T3yi£i»^yP®l£l3fc 
O C H 1 mm^iz X o T ^~ H § itS T 5 V iSB^Jii^ 
4 0%«ffi|BH4Sr«-LTV>7t (15). ISTS^ 
Slg^ ^-KtSDNA U^TOlBHttli . *5J 5 5 

n2«3 > . TS/MffiW^^ffii^it?,^a<i. 

P^OCHlHa*i5 5kDat'^Wl> KdfT 
[0058] iJctC. P^y^^^tfO Hydropbobicity S~lfc 

h i3t^r&g.ifc*<^ts$ii^„ *Jt, /^ym®o 

CHl«a«. N5«#JgfclKS:3l®l^ (meabrane spa 
nningdoiaain) fg±>tl& m^^mW^^ L-X^^&tf 

( Thr i6_ Phe 30) w v*T%mkfm<o$&mmk 
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[00 59) ( b ) D N AW&mOfm 

( 1 ) b**7«i£S*3|W$g^#£DNAO Genomic S 

outhern Hybridization!)?!?? 

±IB ( a) T^D--y^t,fctr^r««H»A3|w>W!R 

<7> Genomic Southern Hybridization JfW*tf-?/£. £ 

±t tTffl^^P-pastoris GTS 1 I 5 

BgUI, EcoRI, SphI, Xba I<z>3-$fJRgg 

d n Aer>m&fflmmm3- K-t-s d n ae^js-#od 

NABItJt- (04, pK50(?)Hn i dill -Hindi 
Btf^ 9 0 0 b p . VOSg&MBPm* 1 BRoMfctt* 
#1488-ig^#^2385«1fii$> UT. >vf 

J: 0 (C » b*7K®H£iij^«g(#ftD N A 

6, trdj-TJ^P#*3l^liS(#^DNA{im-jifE^r 
&l>;r£ fc. 

[0 0 60] (2) HI S4S:S«?v-^-i: t/cb'^ 

tr * TJK«w6*«iMir««D n At *<omm<o%>&& 

Bfflr«r*t*r5^5l<pKM5 0 (04#M) tfOAsu 

^teH i S4M&*& zv^mmmmm ses^* 

«^ilfK^ ( s F c e R I a ) ^M^- v hZWAL 
T. T5X$FpKM7 4 (08) £fmLfc t TO£ 
iW&tt I s EXmtagm&fr (sFceRI«)?6 
3Sjl- >y M±, ^N'VSWS U C 2®fE^cOs/^/HE3?!j 
JsFceRI aitfx^ CNucIeic Acids Research, Vo 
lume 16 Nunber 8, 3584 (1988) #!S3 OiSSfeSNsKSg 
KffflDU P.pastoris AOX2^f ^ro^-^- 
Hi&B ilflP.pastoris AOX 1 
«1^5r^t3tDNABJfn-C. P. pastor isTt h&RE 
MOTS: I S E«£flcOttl&MRW ( 1 7 2 T 5 m) t 

[0061]ipKM74JSphlMPst ItM 
•ffcU P.pastoris GTS1 1 5& (his4) (NRRL 

^k#^y- 15851) zm&mhtckzz. 4 5 
*^co^®««c ( h i S4 ) mmx-zt:. *£T\ Z 

t00 62] (3) GTS1 1 5/PKM74JBSK& 

>t>-p#oc h i jtfs^TO^o^T . Btttiitair 

teS-^-^TiJO, 3 7*CT^WT#^V%^i:^fg^$tL 
TV>S CNakayama.K., et al. EMBO J. 11, 2511 (199 
2) K -f-CT. (2) -m^*Lfc«?®iE&fttC-?VVT 


TOS^fS^t©^*:. YPDT1 — h*lV»T4 5»K 
■owe. 2 5*C, SOWST'CTO^tJfilffl 

WKUfck i*, i o&#3 Tcx-mtx***^ 

noraic Southern HybridizationflfWtrfToJt b Z.*>^ £ 
cooh^-Zifc (KM7 4-2St^KM7 4- 5«fc) 

7*CT'j£W**T*£-$\ fflSJS^tti; Genomic Southern H 
ybridizati onflf#r«— &LX V>l> £ &m$tl*Z. 
[00633 $^te0^4^* (KM74-2») fcO 
.fcDPiffl&Genomic SouthernHybridization$P$f 
(09) , H9tC*-fKM4 5l*t±, PKM7 
4CDH I S 4it^Pfe cfcU^^tt^Sltt I gEg^ft 
a^itfE^ (sFceRIa) 368|:a.~ * h DN ABr# 
P.pastoris GTS 1 1 5his4l*«his43!f£?-Mfc 

mmt'%&t><QTfo&. GTSl 1 51*. OCH11 
fifMtKM4 5l$, OCHl»&f««H*KM74 
-2«t=r>V»r., ^fe^DNASrEcoRI^Bg 1 
I ITfflHfc*, aW»SDNA«±JSEW (H9«*», To 
-yi : 14CitpKM5 0 BglH~AsuIIS5 

* 1 2 5 6 b P , tt£i!n&i£tf#* i mm<mm® 

#2-Sffi##1258) Kt^RM»N(DNA«>fltU (09 
tf». y°U-~f2 : 04C*tpKM5O, Hindll! 
-EcoTHlMfr 4 6 8b p, tt£E94£8EM# 
■^li2®^>Sffi#^1488~^S#^1948) Srro-T'i: 
LTGenomic Southern Hybridizationg|W^ : fi : V , >, KM 
lA-2&<7>%smmVNA1j i , #At5tpKM74ii 
e?RfrfcA9«*3*iTV>&£fcfcTOLfc (01 

0 S 01 1#BS) . 

[0064] ( c ) t°^rm^#^^«i^«D N Alg® 

& s F c e R I a^§S<Z*Bf 

Hgf#^DNA®t^l*KM74-2*3 i J:^KM7 
4-5»t»*M^i: LTK.M4 5SS:3xYP + 2% 

<7>*?s-Mm (3% ^-x^xdrx^5^'^, 6% 

A7K7hy, 2X *9S—M X\ 2 5*C, 4BS 

ceRl«H^S*J«J:t/PNGaseF (Genzyme It 
$?) -CT^^ d r>'^^a^&^*L3t-»>->7*il-&S 

d s-jk y vast s H^msiacHTWWtJt (0 

12) . !8«»HlfcDNA*«gE«S*tT:Vi«:^ 
KM4 S^TIiW^SOs FceRI «gt&B*<M3£ 
§^ll> (012, <*>te*fU SiMDNA 

®^T'$>-S KM 7 4 - 2S.tfK:M 7 4 - 5«**(0 s 

m^f-m^^-m^^fmmmvx^fz (mi 

2. 3) . 3£fc. ^n^SaoflSrPN 

GaseF (Genzyne Ifcgf) -CR&fcLJtt C:^>, Rlfc^ 


1 2/08/2009 


(13) «HHP9-2 6 1 

iHMrSSrfCi:*^ (012. l>->>4, 5, 6) . <I biKDi*-- : MM* 

<ofl^*#wofta, mteears £ ttmmzti mi<?mm : genomic dna 

ft. feUi^S**^ P.pastoris$IM#^DNAgt«« Bfll 
T*«Hil<0#«^WK!$iXT fctitiftftSftft. : P,pastoris 

[00 65 J »s&:GTS115 

MSN*] KW*>«« : 
SW»* : 1 : CDS 

m&KOfki* : 2 8 5 8 *5q£&g : 1027-2238 

AGATCFGCCT GACAGCCTTA AAGAGCCCGC TAAMGACCC GGAAAACCGA GAGAACTCTG 60 
GATTAGCAGT CTGAAAAAGA ATCTTCACTC TGTCFAGTGG AGCAATTMT GTCTTAGCGG 120 
CACTTCCTGC TACTCOGCCA GCTACTCCTG AATAGATCAC ATACTGCAAA GACTGCTTGT 180 
CGATGACCTT GGGGTTATTT AGCTTCAAGG GCAATTTTTG GGACATTTTG GACACAGGAG 240 
ACTCAGAAAC AGACACAGAG CGTTCTGAGT CCTGGTGCTC CTGACGTAGG CCTAGAACAG 300 
GAATTATTGG CTTTATTTGT TTGTCCATTT CATAGGCTTG GGGTAATAGA TAGATGACAG 360 
AGAAATAGAG AAGACCTAAT ATHTTTGTT CATGGCAAAT OGCGGGTTCG CGGTCGGGTC 420 
ACACACGGAG AAGTAATGAG AAGAGCTGGT AATCfGGGGT AAAAGGGTTC AAAAGAAGGT 480 
CGCCTGGTAG GGATGCAATA CAAGGTTGTC TTGGAGTTTA CATTGACCAG ATGATTTGGC 540 
TTTTTCTCTG TTCAATTCAC ATTTTTCAGC GAGAATCGGA TTGACGGAGA AATGGCGGGG 600 
TGTGGGGTGG ATAGATGGCA GAAATGCTCG CAATCACCGC GAAAGAAAGA CTTTATGGAA 660 
TAGAACTACT GGGTGGTGTA AGGATTACAT AGCTAGTCCA ATGGAGTCCG TTGGAAAGGT 720 
AAGAAGAAGC TAAAACCGGC TAAGTAACTA GGGAAGAATG ATCAGACTTT GATTTGATGA 780 
GGTCTGAAAA TACTCTGCTG CTTTTTCAGT TGCTTTTTCC CTGCAACCTA TCATTTTCCT S40 
TTTCATAAGC CTGCCTTTTC TGTTTTCACT TATATGAGTT CCGCCGAGAC TTCCCCAAAT 900 
TCTCTCCTGG AACATTCTCF ATCGCTCTCC TTCCAAGTTG CGCCCCCTGG CACTGCCTAG 960 
TAATATTACC ACGCGACTTA TATTCAGTTC CACAATTTCC AGTGTTCGTA GCAAATATCA 1020 
TCAGCC ATG GCG AAG GCA GAT GGC AGT TTG CTC TAC TAT MT OCT CAC AAT 1071 
Met Ala lys Ala Asp Gly Ser Leu Leu Tyr Tyr Asn Pro His Asn 
15 10 15 

CCA CCC AGA AGG TAT TAC TTC TAC ATG GCT ATA TTC GCC GTT TCT GTC 1119 
Pro Pro Arg Arg Tyr Tyr Phe Tyr Met Ala lie Phe Ala Val Ser Val 

20 25 30 

ATT TGC GTT TTG TAC GGA CCC TCA CAA CAA TTA TCA TCT CCA AAA ATA 1167 
lie Cys Val Leu Tyr Gly Pro Ser Gin Gin Leu Ser Ser Pro Lys He 

35 40 ■ 45 

GAC TAT GAT CCA TTG ACG CTC CGA TCA CTT GAT TTG AAG ACT TTG GAA 1215 
Asp Tyr Asp Pro Leu Thr Leu Arg Ser Leu Asp Leu Lys Thr Leu Glu 

50 55 60 

GCT CCT TCA CAG TTG AGT CCA GGC ACC GTA GAA GAT AAT CTT CGA AGA 1263 
Ala Pro Ser Gin Leu Ser Pro Gty Thr Val Glu Asp Asn Leu Arg Arg 

65 70 75 

CAA TTG GAG TTT CAT TTT CCT TAC CGC AGT TAC GAA CCT TTT CCC CAA 1311 
Gin Leu Glu Phe His Phe Pro Tyr Arg Ser Tyr Glu Pro Phe Pro Gin 
80 85 90 95 

CAT ATT TGG CAA ACG TGG AAA GTT TCT CCC TCT GAT AGT TCC TTT COG 1359 
His He Trp Gin Thr Trp Lys Val Ser Pro Ser Asp Ser Ser Phe Pro 

100 105 110 

AAA AAC TTC AAA GAC TTA GGT GAA AGT TGG CTG CAA AGG TCC CCA AAT 1407 
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Lys Asn Phe Lys Asp Leu Gly Glu Ser Trp Leu Gin Arg Ser Pro Asn 

115 120 125 

TAI GAT CAT TTT GTG ATA CCC GAT GAT GCA GCA TGG GAA CTT ATT CAC 1455 
Tyr Asp His Phe Val lie Pro Asp Asp Ala Ala Trp G!u Leu He His 

130 135 140 

CAT GAA TAC GAA CGI GTA CCA GAA GTC TTG GAA GCT TTC CAC CTG CTA 1503 
His Glu Tyr Glu Arg Val Pro Giu Val Leu GIu Ala Phe His Leu Leu 

145 150 155 

CCA GAG CCC ATT CTA AAG GCC GAT TTT TTC AGG TAT TTG ATT CTT TTT 1551 
Pro Glu Pro He Leu Lys Ala Asp Phe Phe Arg Tyr Leu lie Leu Phe 
160 • 165 170 175 

GCC CGT GGA GGA CTG TAT GCT GAC ATG GAC ACT ATG TTA TTA AAA CCA 1599 
Ala Arg Gly Gly Leu Tyr Ala Asp Met Asp Thr Met Leu Leu Lys Pro 

180 185 190 

ATA GAA TCG TGG CTG ACT TTC AAT GAA ACT ATT GGT GGA GTA AAA AAC 1647 
lie Glu Ser Trp Leu Thr Phe Asn Glu Thr He Gly Gly Val Lys Asn 

195 200 205 

AAT GCT GGG TTG GTC ATT GGT ATT GAG GCT GAT CCT GAT AGA CCT GAT 1695 
Asn Ala Gly Leu Val lie Gly lie Glu Ala Asp Pro Asp Arg Pro Asp 

210 215 220 

TGG CAC GAC TGG TAT GCT AGA AGG ATA CAA TTT TGC CAA TGG GCA ATT 1743 
Trp His Asp Trp Tyr Ala Arg Arg He Gin Phe Cys Gin Trp Ala He 

225 230 235 

CAG TCC AAA CGA GGA CAC CCA GCA CTG CGT GAA CTG ATT GTA AGA GTT 1791 
Gin Ser Lys Arg Gly His Pro Ala Leu Arg Glu Leu He Val Arg Val 
240 245 250 255 

GTC AGC ACG ACT TTA CGG AAA GAG AAA AGC GGT TAC TTG AAC ATG GTG 1839 
Val Ser Thr Thr Leu Arg Lys Glu Lys Ser Gly Tyr Leu Asn Het Val 

260 265 270 

GAA GGA AAG GAT CGT GGA AGT GAT GTG ATG GAC TGG ACG GGT CCA GGA 1887 
Glu Gly Lys Asp Arg Gly Ser Asp Val Met Asp Trp Thr Gly Pro Gly 

275 280 285 

ATA TTT ACA GAC ACT CTA TTT GAT TAT ATG ACT AAT GTC AAT ACA ACA 1935 
He Phe Thr Asp Thr Leu Phe Asp Tyr Met Thr Asn Val Asn Thr Thr 

290 295 300 

GGC CAC TCA GGC CAA GGA ATT GGA GCT GGC TCA GCG TAT TAC AAT GCC 1983 
Gly His Ser Gly Gin Giy He Gly Ala Gly Ser Ala Tyr Tyr Asn Ala 

305 310 315 

TTA TCG TTG GAA GAA CGT GAT GCC CTC TCT GCC 0GC CCG AAC GGA GAG 2031 
Leu Ser Leu Glu Glu Arg Asp Ala Leu Ser Ala Arg Pro Asn Gly Glu 
320 325 330 335 

ATG TTA AAA GAG AAA GTC CCA GGT AAA TAT GCA CAG CAG GTT GTT TTA 2079 
Met Leu Lys Glu Lys Val Pro Gly Lys Tyr Ala Gin Gin Val Val Leu 

340 345 350 

TGG GAA CAA TTT ACC AAC CTG CGC TCC CCC AAA TTA ATC GAC GAT ATT 2127 
Trp Glu Gin Phe Thr Asn Leu Arg Ser Pro Lys Leu lie Asp Asp He 

355 360 365 

CTT ATT CTT CCG ATC ACC AGC TTC AGT CCA GGG ATT GGC CAC AGT GGA 2175 
Leu lie Leu Pro fie Thr Ser Phe Ser Pro Gly He Gly His Ser Gly 

370 375 380 
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GCT GGA GAT TTG AAC CAT CAC CTT GCA TAT ATT AGG CAT ACA TTT GAA 
Ala Gly Asp Leu Asn His His Leu Ala Tyr lie Arg His Thr Phe Glu 

385 390 395 

GGA AGT TGG AAG GAC TAA AGAAAGCTAG AGTAAAATAG ATATAGCGAG 
Gly Ser Trp Lys Asp *** 
400 

ATTAGAGAAT GAATACCTTC TTCTAAGCGA TOGTCCGTCA TCATAGAATA TCATGGACTG 
TATAGTTTTT TTTTTGTACA TATAATGATT AAACGGTCAT CCAACATCTC GTTGACAGAT 
CTCTCAGTAC GCGAAATCCC TGACTATCAA AGCAAGAACC GATGAAGAAA AAAACAACAG 
TAACCCAAAC ACCACAACAA ACACTTTATC TTCTCCCCCC CAACACCAAT CATCAAAGAG 
ATGTCGGAAC ACAAACACCA AGAAGCAAAA ACTAACCCCA TATAAAAACA TCCTGGTAGA 
TAATGCTGGT AACCCGCTCT CCTTCCATAT TCTGGGCTAC TTCACGAAGT CTGACCGGTC 
TCAGTTGATC AACATGATCC TCGAAATGGG TGGCAAGCAT CGTTCCAGAC CTGCCTCCTC 
TGGTAGATGG AGTGTTGTTT TTGACAGGGG ATTACAAGTC TATTGATGAA GATACCCTAA 
AGCAACTGGG GGACGTTCCA ATATACAGAG ACTCCTTCAT CTACCAGTGT TTTGTGCACA 
AGACATCTCT TCCCATTGAC ACTTTCCGAA TTGACAAGAA CGTCGAC 


2223 


2271 


2331 
2391 
2451 
2511 
2571 
2631 
2691 
2751 
2811 
2858 
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[06] 


401 405 


Probe-2 

GTS115 KM45 



J01 301 401 4QI 
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[05] 

P-OCHl MA- KADGSLI*yWPHNPPRRWFVKAXF AVSVICVL- -YGPSQQ - - - LSS 44 

11M ! I II 11 I i n 

S-OCH1 *1SRKX>- -SHLIAT RKSKT— -I— V-VT-VLLXY— SLLTPHLSN 34 

P-OCHl PKIDYDPI#TI*H S^DL-K-TLEAP -~S — Q I^SPG-TVEt) 75 

! | i t I 1 II I I I I M 

S-0CH1 -KR L*LSQFYPSKDDFKQ7LL-PTTSHS0DINI^KK0I1^/^KKNQL 77 

P-OCHl -NI^QLEFHFPYRSYEPFPQHXtfQ^^ XDL-GB 119 

Ml II 1 MM ! U Htlll 111! i I 

S-OCHl HNLRDQLSFAF PYDSQAPXFQRVWQfTWKVOMDKKfPPSS FRTYQKTWSG^ 12 6 

P-OCKl SWLQKSPNYDHFVXPDDAAWEIiIKH-B- -YERVPEVLEAFHIXPEPXLKA 166 

| Ml 1 I I I I I I! I II I I MM • 

S - OCH1 SY SPDYQYS LIS DD3X IPPLENLYAPVPI VIQAFKLMPGNILKA 170 

P-OCHl DFFRY1,XX*FARGGI*YAI>MDT1^KPIBSWLTP^ XCOV 205 

ii in Him i Minimi n i 

S-OCH1 DFDRYlXLFARGGXYSD2*DTmi^^ 219 
P-OCHl Kmh GLVXGXEAPPDRPDWHDWYARRIQFCOWAIQSK 242 

it imumm n immim 11 i 

S-OCH1 I^SKPSLLSSDEISKQPCLVXGXEADPDRDDWSEWVARRXQFCQWTXQAX 269 
F-OCH 1 ROHPALREL X— — -VR~ -V-VSTTLi- -R K 2 $ 2 

m mn i mi i i 

S-OCHl PGHPILRELIlJiixkira^ 319 
P-OCH 1 -E- -X-SGYL-WHVSGK-- DRGS DVMDOTGPGX FTD TlfFDYMTKJV - - -S 102 

i it m i i in i mmi i mi ii i 

P-OCHl 0SHSGQG1 GAGS AYYNAL SLr* -EERDALSAR-P NGEML-KE— KV 341 

II 1 I M Ml J I I ' 

P-OCHl PGKYA0--QVVl,--»WEQF11sn^SPKI,X-DDlLILPXTSFSPGXGHSGAG 385 

] | HI I 1 Ml IMMIM 1 Ii 

3-0CK1 YKK1SESLQSSNS3^WEFFSFI^EFV-XVDDV^VLPXTSFSPDVG0MGA0 452 

P-OCH1 —DLNHHI^YIRHTFEGSWK-D 404 

I 1 M MM I 

S-OCHl SSDDKM--AFVKHMFSGSWKEDADKLTAGHK 490 


18 


12/08/2009 


(19) 


9-26 1 


[08] 


BamMT Srai AsuII 
XbaJKiadtn |Hsad0l| 



Q Pfcft& Genomic DNA PA*to OCHK || ; Pitftte HJS4 

gj) ; sFcsftl* gen» (SUC2 Signal) || ; mAOX2 promoter g ; AOXi tafmSrartor 


[H9] 


Disruptant 
Wild Type 


B9 \ 
_J ^ 


BflP 
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//(C 1 2 P 
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9/99 
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1:84) 


F I 
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